INDIANA DEPARTMENT OF CONSERVATICN

Donald E. Foltz, Director

BULLETIN NO. 19
OF THE
DIVISION OF WATER RESOURCES

Charles H. Bechert, Director

GROUND-WATER RESOURCES OF NORTHWESTERN INDIANA

Preliminary Report: Marshall County

BY

J. S. ROSENSHEIN AND J. D. HUNN

GEQLOGISTS, U. S. GECLOGICAL SURVEY

Prepared by the
GEQLOGICAL SURVEY
UNITED STATES DEPARTMENT COF THE INTERIOR
In cooperation with the
DIVISION OF WATER RESQURCES

INDIANA DEPARTMENT OF CONSERVATION

196%



CONTENTS

ADSELaACtc—cc—---m—mmmmm=mm=mm—re—cmmc o mC e d-M—imammmEE==c-®-—-——=——===
IntroductiO=-=m==rme-ememmcccccce— e mmmmmmmEmmTme—meammmea— o - ea— .-
Purpose and SCOPE=-—-------------immmmmmmmememeeeoeoomc--eo--ese—=-
Location and areal extent--------memeeeor—cemcccmccmcemrssmeee——— =
Well-numbering system-------=-mecemcccmccccco—mcmccomccmnonmmmas
Acknowledgmentg-me=mmmmocemcmcreo e e eeeceemcsrse-m—o——a—s——o—as
Data collection and processing-=======s-=e-cmaccmccmcccccomumaccecen=a=
General geology and sources of ground water--e-----------c--w--c---—w==
Confined and unconfined conditiong----==weecmccocmcmcomenamnnanaa c—-

Selected bibliography--e-ere-eccmcccccmmaumccc e ccc e e e rsmemm e o
Publications of cooperative ground-water programe-vsess----c--c--esm-u=

ILLUSTRATIONS

(All plates in pocket)

Plate 1. Map of Marshall County, Ind., showing
location of wells and test holes--=-cccccccccccacecaa. ==
2. Map of Marshall County, showing availability
of ground water-s----e-mmmm-mmocmmc- e e me oo como==n
3. Map of Marshall County, showing hardness of
water in sand and gravel of Pleistocene agg--w-=ee------n-
Map of Indiana, showing area covered by this report,
areas undet investigation, and areas covered by
reports published under cooperative program-----=======--=
2. Sketch showing well-numbering system---------vevreneocccraa-

]

Figure

TABLES

Table 1, Significance of selected dissolved mineral

constituents and properties of ground water----=----vec-==-
2. Grain size and equivalent screen openings-ec=---=-==-===-=-=-= --
3. Records of wells and test holes in Marshall

County, Ind.--e==m--memcmccm e e m e e e e
4. Selected logs of wells and test holes in Marshall

County, Ind, ====-emmmeerr e e e
5. Field chemical analyses of water from wells in

Marshall County-=====-mecrmcmm et ecmmme e e m e oo
6., Water levels in observation wells in Marshall County-~--==---

- ii -

Ly-]
j]
g
WA O~ BN R =D

H
vl =
=0

157

Page

Page

O o~

11

27

135
143




GROUND-WATER RESOURCES OF NORTHWESTERN INDIANA
Preliminary Report: Marshall County

By J. S, Rosenshein and J. D. Hunn

ABSTRACT

Marshall County, in northwestern Indiana, has an area of about 4530 square
miles. Glaciofluvial sand and gravel of Pleistocene age is the chief source
of ground water for domestic, stock, industrial, and public supplies. Wells
that tap this source generally are less than 150 feet deep and yield from 5
to more than 1,000 gpm (gallons per minute). The underlying bedrock is not
used as a source of ground water. However, the bedrock of Devonian and De-
vonian and Mississippian (?) age is a potential source of water, although
quality and quantity available is uncertain. Field chemical analyses show
that the hardness of water from the glaciofluvial sand and gravel generally
is greater than 200 and less than 450 ppm (parts per million}. In much of the
county the concentration of iron exceeds maximum concentration recommended in
the U. S. Public Health Service drinking-water standard for iron and manganese
together. However, there are several small areas in the central and western
part where this standard is not exceeded.

This preliminary report contains tabulated records of about 630 wells and
test holes giving information about well construction, water level, condition
of occurrence, and characteristics of water-bearing material; selected logs
for about 330 wells and test holes giving driller's description of material
penetrated and authors' interpretation of their geologic age; result of 232
field chemical analyses giving hardness of water and the bicarbonate, chloride,
iron, and sulfate contents; and water levels in 4 observation wells indicating
the magnitude of short-term and long-term water level fluctioms in the uncon-
solidated rocks. These basic data include much of the material to be used in
an interpretive report on the ground-water resources and geology of the area.

A base map of Marshall County show the location of each well or test hole
listed in this report. Additional maps show the availability of ground water
in the county and the areal distribution of hardness of water from the uncon-
solidated rocks of Pleistocene age.



INTRODUCTION

Purpose and Scope

An investigation of the ground-water resources and geology of 10 counties
in northwestern Indiana has been in progress since June 1954. This investi-
gation is being made by the U. S. Geological Survey in cooperation with the
Division of Water Resources, Indiana Department of Conservation, as a part of
a broad program of these agencies to inventory and evaluate the ground-water
resources of Indiana.

This report is the fifth of a series of preliminary reports to be published
on the ground-water resources and geology of northwestern Indiana. The purpose
of the report is to make the basic data collected during the investigaticn
available to the public and to provide a preliminary evaluation of the ground-
water conditions and geology as an aid to development of ground-water resources.
A more detailed and comprehensive analysis is in progress and will be published
in an interpretive report on the ground-water resources and geology of the area.

The investigation was made under the immediate supervision of C. M. Roberts,
district geologist for Indiana.

Location and Areal Extent

Marshall County is in the northwestern part of Indiana (fig. 1 }. The
county is rectangular and includes about 450 square miles. It is bounded on
the north by St. Joseph County, on the south by Fulton County, on the west by
Starke and St. Joseph Counties, and on the east by Elkhart and Kosciusko
Counties,
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Well-Numbering System

A numbering system is used to locate and identify the wells and test holes
in this report. The number that is assigned each well or test hole indicates
its ldcation according to the official rectangular public-land survey. For ex-
ample, in the number for well 32/3-35El, the numbers preceding the hyphen indi-
cate that the well is in T. 32 N., R. 3 E. The first number after the hyphen
indicates the section in which the well is located. Each quarter-quarter
gsection {40-acre tract) within a section 1s assigned a letter symbol as shown
on figure 2. Within the quarter-quarter section the wells and test holes are
numbered consecutively. Therefore, well 35El is the first well listed in SWiRNWX
sec. 35, T. 32 W., R, 3 E.

A narrow strip in the central part of the county is sub-divided into land
grants. In this area the grid of the rectangular public-land survey has been -
projected through the grants and wells in this area numbered in accordance with
the system used in the rectangular survey area.

19 {20121 ]22123|24
1': R.IE. R.2E. R.3E. R4E. 30l 29128127 26 25

N. _ 31|32(33 35} 36

Well 32/3 -35E!

FIGURE 2.~ - Sketch showing well-numbering system.
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DATA COLLECTION AND PROCESSING

The well data were collected principally from drillers, water-works super-
intendents, and owners., The well records obtained from the drillers were of two
types--written records and reports from memory. Tentative driller’s location
were checked against the property records in the County Courthouse to verify the
location, to locate the property, and to obtain the name of the current property
owner. The locations of wells were checked further in the field if major dis-
crepancies existed between the reported location and the property record in
the plat books, if the location given could not be verified from county records,
or if the verified location was not sufficiently accurate to be used.

Plate 1 shows the location of water wells and test holes and test holes
drilled for purposes other than water supply. Most of these locations are shown
to the nearest 10 acres. The basic data for these wells and test holes are
summarized in table 3. 1In addition, selected driller's logs of wells and test
holes are given in table 4.

Samples of water were collected at the time well sites were visited. These
water samples were analyzed in the field office for hardness of water and alka-
linity (expressed as bicarbonate) and chloride and sulfate contents by standard
titration methods. The iron content of the water was determined at the well
site immediately after the sample was collected. A visual method was used to
determine the iron concentration in parts per million by matching the color of
the treated sample to that of a liguid-color standard having a known iron con-
centration. The results of the field chemical analyses (table 5) were used to
select sites for collecting larger water samples for more comprehensive chemical
analyses by the laboratory of the U. 8. Geological Survey.

Observation wells were established prior to and during the investigation
in order to obtain relative changes in storage in the ground-water reservoir.
Table 6 contains the water-level data collected from these wells. The obser-
vation wells were chosen so as to obtain water-level information from artesian
and water-table aquifers consisting of unconsolidated rocks. Wherever possible,
the wells were established at sites where the factors affecting the water levels
in the aquifer were due chiefly to natural causes.



GENERAL GEOLOGY AND SOURCES OF GROUND WATER

The oldest known consolidated rocks underlying Marshall County are of Ordo-
vician age. These rocks consist of dolomite, dolomitic limestone, and shale and
are overlain by dolomitic limestone, shale, and dolomite of Silurian age. The
rocks of Ordovician and Silurian age are not used as a source of water in the
county because these rocks generally lie more than %00 to 1,000 feet and 400 to
500 feet, respectively, below the surface, and the water they contain generally
has a dissolved-solids content of more than 5,000 ppm (parts per million).

The rocks of Silurian age are overlain by dolomite and dolomitic limestone
of Middle Devonian age. These rocks underlie blue-black bituminous shale of De-
vonian age {Logan, 1932) or Devonian and Mississippian age {Patton, 1956). The
rocks of Devonian and Mississippian {?) age grade upward into shale of Mississ-
ippian age which is overlain locally by thin limestone. Although these limes-
stones and shales of Devonian and Mississippian age are not used as a source of
water in Marshall County, they are a potential source of water although the quali-
ty and quantity available is uncertain.

The bedrock is overlain by unconsolidated glacial drift of Pleistocene age.
The drift forms several prominent topographic features in the county (Leverett
and Taylor, 1915, pl. 6; Wayne, 1958) such as the Maxinkuckee moraine in the
west-central part; the glaciofluvial plains and the ground moraine in the
eastern part; and the sand-covered glaciofluvial plains and ridges in the
western part,

The unconsolidated rocks of Pleistocene age range in thickness from about
100 to more than 250 feet. The rocks consist chiefly of glaciofluvial sand and
gravel, clayey till, and some glaciolacustrine clay and silt. The glaciofluvial
sand and gravel is locally more thap 200 feet thick and is the chief source of
ground water for domestic and stock, industrial, and public supplies. Wells that
tap this aquifer are generally less than 150 feet deep and yield from 5 gpm
(gallons per minute) to more than 1,000 gpm.

The unconsolidated rocks of Pleistocene age are overlain locally by thin
alluvium, wind-blown sand, and organically rich sand, silt, and clay of Recent
age. The deposits of Recent age are too thin to be a source of ground water.

Plate 2 shows the avallability of ground water in the unconsolidated rocks
underlying the county. Plate 3 shows the areal distribution of hardness of
water from the sand and gravel of Pleistocene age. The water is hard to very
hard. The hardness is generally greater than 200 and less than 450 ppm. However,
the hardness is less than 200 ppm in several small areas along the western edge
of the county. .In much of the county the iron content exceeds maeximum. concentra-
tion recommended in the U. S. Public Health Service drinking-water standard for
iron and manganese together. In the central and western part of the county this
standard is not exceeded by the iron concentration in seversl small areas.

The range in concentration of selected constituents and properties is sum-
marized in the table below. This table shows the minimum, mode, and maximum

Minimum Mode Maximum
c :
onstituent or property _(ppm) (ppm{n (ppm)
Tron (Fe)eswcoeccmcnuc- «< 0,1 < 1.2
Bicarbonate (HCOz) ----- 122 364 586
Sulfate {80, )-=-"cceea-- 5 16 155
Hardness as CaCO3 ------ 132 309 592




concentrations of various constituents and properties of water from sand and
gravel of Pleistocene age. Table 1 indicates the significance of the various
constituents and properties of the water that are listed in table 5.

Table 1.--Significance of selected dissolved mineral constituents and

a/
properties of ground-water h
Constituent or Ny
Significance
property :
Iron (Fe)-n-m-n--- % Oxidizes to reddish-brown sediment upon exposure to air,

More than about 0.3 ppm stains laundry and utensils
reddish-brown, More than 0.5 to 1.0 ppm imparts
objectionable taste to water. Larger quantities favor
growth of iron bacteria. Objectionable for food pro-
cessing, textile processing, beverages, ice manufactur-
ing, brewing, and other purposes.

Bicarbonate (HCOB) Bicarbonate in conjunction with carbonate (C0,)} produces
alkalinity. Bicarbonate of calcium and magnesium de-
composes in steam boilers and hot water facilities to
form scale and release corrosive carbon-dioxide gas.

Sulfate (804)--—- Sulfate in water containing calcium forms hard scale in
steam boilers. In large amounts sulfate in combina-
tion with other ions gives bitter taste to water.
Some calcium sulfate is considered beneficial in the
brewing process.

Chloride (Cl)----- Gives salty taste to drinking water when present in
large amounts in combination with sodium. TIncreases
the corrosiveness of water when present in large
amounts,

Hardness as CaCoQ
(Calcium and
magnesium) ----== Hard water increases amcunt of soap needed to make

lather. Forms scale in boilers, water heaters, and

pipes. Leaves curdy film on bathtubs and other
fixtures and on materials washed in the water.

CONFINED AND UNCONFINED CONDITTIONS

~ Ground-water occurg in the consolidated and unconsclidated rocks of
Marshall County under confined (artesian) conditions or under unconfined
(water-table) conditions. Under confined conditions the aquifer (water-
vielding material) is overlain directly by relatively impervious material, and
the water will rise above the level at which it is encountered in the aquifer.
Under unconfined conditions the aquifer is overlain directly by permeable un-
saturated material, and the water will nmot rise above the level at which it is
encountered.

a/ Adapted in part from Palmquist and Hall (1961), p. 34-36
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TYPES OF WELLS

Drilled, driven, and jetted wells are the principal types of water used in
Marshall County. Most water wells 3-inches or more in diameter are constructed
by the cable-fool, or percussion, method, but a few wells have been drilled by
the rotary and reverse-rotary methods. Where the water-bearing material is
sand and gravel, the well is generally finished with a well screen set in the
aquifer below the bottom of the well casing. (See Rosenshein and Cosner, 1956,
p. 6, for a detailed description of a well screen.) A modification of this
type of well, the gravel-packed well, has a gravel lining inserted between the
well screen and the water-bearing material,

Water wells less than 3-inches in diameter are constructed in unconsoclidat-
ed material by driving or jetting. The driven well consists of a small-diameter
pipe having a drive point attached to the end, which is driven into shallow
water-bearing material. The jetted well is comstructed by forcing water under
pressure out of a hollow-rod or small-diameter drill pipe that is fitted with
a jetting bit. As the material is washed ocut of the hole ahead of the casing,
the casing is driven down into the hole. After the water-bearing material is
penetrated the well is generally finished with a well-point screen set in the
water-bearing material below the bottom of the casing. Table 2 relates the
grain-size in inches and millimeters to the slot and the gauze size of screens
commonly used in water wells.

0il or gas test holes in Marshall County generally were drilled by the
cable-tool method. The flood-control test holes were bored by a rig-mounted
power auger, Structure test holes for foundations and bridges génerally
were drilled by the wash-boring method. Various methods were used in these
types of test~hole drilling to recover samples of material penetrated, such as,
driving a sampling tubef into the material after specific intervals of boring
or collecting samples from the bailer after specific intervals of cable-tool
drilling.

Table 2.--Grain size and equivalent screen openings

Grain size: After Wentworth (1922). Slot size: In thousandths (0,001)
Equivalent screen openings: From of an inch.
commercial catalogs for water-well Gauze size: Number of wire strands
supplies. . per lineal inch
Grain size Eguivalent screen opening
Material -
Inches Millimeters | Slot size, Gauze size
Gravel----------- >0.08 : 52 >80 1] —emee--
Very coarse sand- |.04. - .08 1 -2 40 - 80 {20
Coarse sand------ |.02 - .04 .50 -1 20 - 40 40 - 20
Medium sand-~---- .01 - .02 .25 - .50 10 - 20 - 60 - 40
Fine sand«---=---- . 005 - .0 125 - .25 6 - 10 30 - 60
Very fine sand--- |.002 - .005 062 - U125 —————-- —m————-
S8ilt=r======-=m -~ . 00015 - 002 004 - 062 mmmmm-- [ ===
Clay---=-=-=w==n~- <.00015 - {.004} ~-wwm-m- ] e




SUMMARY

Preliminary evaluation of the basic data shows that adequate quantities of
ground water are available for domestic, stock, public, and industrial supplies
from sand and gravel of Pleistocene age. The underlying bedrock is not used as
a source of water. However, the rocks of Devonian and Mississippian (7) are a
potential source of water, although quality and quantity available is uncertain.

The chemical quality of water from the rocks of Pleistocene age varies. The
water is generally hard to very hard. In several small areas along the western
edge of the county the hardness of water is less than 200 ppm. Although the iron
content exceeds the U. S. Public Health Service drinking-water standards for iromn
and manganese together in much of the county, there are several areas in the cen-
tral and western part in which this standard is not exceeded.

RECORDS

The records of about 630 wefls and test holes are given in table 3. The
table contains information about well construction, water levels, yields and
drawdowns, conditions of occurrence, thickness and characteristics of water-
bearing materiéls, type of pump, and other data. The altitude of the land sur-
face at all wells and most test borings, was interpolated from topographic maps.
Altitudes of some borings were leveled by the State agency for whom the berings
were made.

Table 4 contains the selected logs of about 330 wells and test holes. This
table gives the driller's description of the material encountered pertinent re-
marks with regard to the material, and authors' interpretation of the geologic
age of the material.

The results of 232 partial chemical analyses of water are given in table 5,
Of this number 231 analyses weré determined in the field office of the Geological
Survey, and one was determined by a commercial laboratory. This table gives in-
formation about geologic source, temperature, concentration in parts per million
of iron, bicarbonate, sulfate, chloride, and hardness (calcium, magnesium) of
water. The U. 3. Public Health Service standards for drinking water are given in
the table headnotes for iron and manganese together, sulfate, and chloride. DNo
official standards have been established for hardness of water. However, water
with respect to hardness is generally classified {Lamar, 1942, p. 25-26) as
follows: 0-60 ppm soft; 61-120 ppm moderately hard; 121-200 ppm hard; more
than 200 ppm very hard,

Table 6 contains the records of four observation wells of which three were
established during the investigation and one prior to the investigation. The
water levels in the observation wells were measured either by recording gages
installed on the well or by manual measurements made with an engineer's steel
tape graduated to a hundredth of a foot. The water levels are in feet below
land-surface datum except where ‘otherwise noted. Daily water levels are given
for the observation wells equipped with recording gages for which the records
have not been previously published. Previously published records are summarized,
and only selected measurements are tabulated in the table. { See water-supply
papers listed under U. S. Geological Survey in selected bibliography.) Periodic
water levels are given for the observation wells measured manually. Factors
affecting the water levels in the observation wells are also indicated. The
location cof the observation wells is shown on plate 1.
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Table &4.--Selected logs of wells and test holes in Marshall County, Indiana

Well 32/1- 2M1

Type of record: Driller's log. - Altitude: 770 feet.
Thick Depth
Material ness (feet) Remarks
{feet) -
Quaternary System:
Recent and Pleistocene Series:
Clay, blue------ccmemocomomcuaas 60 60
Sand------w-=-er-------- - ———— 10 70
Clay, blue--=vmu-wmmom e e 30 100
Sande==-----mm e L1048 s o116
Gravel-—--—--rm---o---cecumemeeaae 5 116
Well 32/1; 4B1
Type of record: Driller's log. ) Altitude: 775 feet. -
Quaternary System:
Recent and Pleistocene Series:
Top soil and yellow clay--------- 10 10
Gravel, vellow-----------------== 20 30
Gravel, pea-sized------wmro-em--- i8 48
Well 32/1- 4B2
Type of record: Driller's log, : Altitude: 775 feet.
Quaternary System: ,
Recent and Pleistocene Series:
Clay and sand-------------w=s=n~- 18 18
Gravel and sand; with streaks of
clay---------- B e 35 53
Sand and gravel; clean----------- 4 57
Well -32/1- 661
Type of record: Driller’s log. Altitude: 759 feet,
Quaternary System:
Recent and Pleistocene Series:
Sand, red, and clay---------- ——— 15 i5
Sand, coarse, white-------------- 10 25
Sand, very fine--r--------------- 7 32
Sand and rocks--------------v-==-= 3 35
Gravel-=--ecemmmmmm oo oo o ———- 5 40
Gravel and rock§------ce---ooonm- ' 5 45
Gravel, coarse, and boulders----- 25 70
Sand, fine----------%srcemcomonon 10 &0
Sand, coarse, and boulders------- 10 90
Well 32/1- 7N1 '
Type of record: Driller's log. Altitude: 747 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay, vellow-rm----------- bommmm-n 21 21
thvel—:————————f ----------- ————- 34 55
Clay, blug---------——-cemie e 15 70
Gravel, coarse-------—--—--——----- 17 87"




Table 4, --Slected logs of wells and test holes in Marshall County, Ind.--Cont.

Wdell 32/1- 9C1

Type of record: Driller's log. Altitude: 788 feet.
¥ g

Thick- .Dépth
Material _ ness (feet) Remarks
(feet)
Quaternary System:
Recent and Pleistocene Series:

Top seil anrd yellow clay--------- 30 30

Gravel-------—---ccccmemm oo 10 40

Clay, blue, and gravel; mixed---- 19 59

Gravel, fine----vecmmrmen-ncmowu—o 16 75

Well 32/1-10N1

Type of record: Driller's log. Altitude: 777 feet.

Quaternary System:
Recent and Pleistocene Series:

Sand and clay; mixed=re=rmrm------ 25 25
Gravel-—---cmm i ce e ————— 7 39
Clay, blue-=v-ecwmmameo oo e 58 90
Gravel--———--— e - 6 96

Well 32/1-10Q1

Type of record: Driller's log. Altitude: 813 feet,

Quaternary System:
Recent and Pleistocene Series:

Clay, blue=re=cmsr-moocmmmmm e 15 135
Clay, blue, and fine sand; mixed- 76 91
Gravel, coarse, gray, and sand--- 5 96

Well 32/1-12D1

Type of record: Driller's log. Altitude: 815 feet,

Quaternary System:
Recent and Pleistocene Series:
Clay, blue---wemmmucenr e mee - 40 40
Sand and clay---w=w=rommmmmommmun 5 45
Clay, blue-c---cummmcccrnman—cman 25 70
Sand and gravel-----------vuur-n- 3 73
Clay, blue----cccuwummomomno oo 44 117
Gravel, fine------------—c-wumouo- 5 122

Well 32/1-15E6

Type of record: Driller's log. Altitude: 770 feet.

Quaternary System:
Recent and Pleistocene Series:

Open pit----s-wsmrmre-ommmmmmme 11 11
Clay, sandy-~s-=---—---=---—--ww- 10 21
Sand and gravel------------------ 3 24
Clay, gravelly-------c-ccmamacen- 11 35
Sand and gravelece-ece-n--ooooooue 10 45




Table. ~--Selected logs of wells and test holes in Marshall County, Ind.--Cont.

— Well 32/1-13E6--Continued

Thick- Depth
Material ness (feet Remarks
i (feet) ;
Quaternary System:
Recent and Pleistocene Series:

Clay----v-ecmemcccmc e ccrcnrenas 30 75

Sand and gravel; with clay balls- 5 80 |

Sand and gravel---ewrer-ceac-ceeua 20 100 |

Well 32/1-16J3

Type of record: Driller's log. Altitude: 750 feet,
Quaternary System:

Recent and Pleistocene Series:
Fill-==-emmmmccmcccnencsecvncane- 1 1
Muck====mmcmmmmmme oo 2 3
Marl---ms-ceec oo e 9 12
Clay, sandye-==----c-v---cccmoo-- 3 15
Sand and gravel; muddy-=---~====-= 2 17
Sand and gravel------------e----- 3 20
Clay, sandy--=-====c=cemecacacaax 34 54
Gravel with sand--==-=--ccccaca-a 20 74
Clay, sandy, brown-se-e--cs--e--- 3 77

Well 32/1-16K1
Type of record: Driller's log. Altitude: 775 feet,

Quaternary System:
Recent and Pleistocene Series:.
Sand, fine, and clay; with

boulderse-c=-c=-mmccmcmcmcaaaa- 18 18
Clay, blug-===w--ececccaaccacaaa- 12 30
Sand and clay -------------------- 5 35
Gravel, clean, and sand---------- 6 41 Blue clay at

41 _feet,

Well 32/1-16K2

Type of record: Driller's log, Altitude: 748 feet.
Quaternary System:
Recent and Pleistocene Series:
Fill; muck and clay-------------- 22 22
Gravel, yellow-----ccccccmcccaaaa 12 34
Clay, blue, and gravel------r--c- 11 45
Sand and clay-------cccurscemao-- 13 58
Clay, blue=======cecnma oo 16 74
Sand and clay-----~==-occmcanaa-- 5 79
Gravel and sand; clean~========== i 5 - 84

- 29-



Table 4.--Selected logs of wells and test holes in Marshall County, Ind.--Cont.

Well 32/1-17F1

Type of record: Driller's log. Altitude: 770 feet.
Thick-
Material ness ?;EZ:) Remarks
{feet)
Quaternary System:
Recent and Pleistocene Series:
Sandew-=-c---mmmmmmm e e 11 11
Clay, yellow----------ecm----m-=- 33 44
Sand, coarse----—--c-~---=====m--- 5 49
Well 32/1-17G1
Type of record: Driller's loeg. Altitude: 767 feet.
Quaternary System:
Recent and Pleistocene Series:
Sand, vellow=-~--=----==o=----——~- 10 10
Clay, vellow-----cerem-momwueoro- 8 18
Sand and gravel; muddy, gray----- 17 35
Clay, blue, with some grit------=- 45 80
Sand becoming coarser and
gravelly with depthe=--r------- 16 96
Gravel, very coarse, very hard--- 3 99
Well 32/1-20R1
Type of record: Driller's log. Altitude: 747 feet.
Quaternary System:
Recent and Pleistocene Series:
Sand, vellow-wwe-------ue—mm-—uew 10 16
Clay, blue------se----moowmoommm - 18 28
Sand, yellow---------w=r------=-- 8 36
Sand and gravel-=--------ce---aun 8 44
Well 32/1-22H1
Type of record: Driller's log. Altitude: 770 feet.
Quaternary System:
Recent and Pleistocene Series:
Soil and clay-------=«=---=--=~--- 6 6
Sand=-----—----w---- - —tmmm———— - 3 9
Clay, blue-------~------cwwmm-o-m- 23 32
Well 32/1-22H2
Type of record: Driller's log. Altitude: 760 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay, yellow--wm-r------rom—o--—— 11 1L
Sand==---------sm-mmm——mse—ao—— e 25 36
Clay, blue-~-s=me-m-mmwmwarmmmm 62 98

- 30 -



Table 4.--Selected logs of wells and test holes in Marshall County, Ind.--Cont.

Well 32/1-22H3

Type cof record: Driller’s log from memory. Altitude: 750 feet,
. Thick- Depth
Material ness (feet) Remarks
{feet) ee

Quaternary System!:
Recent and Pleistocene Series:

Clay---------------~-~——--- o= 50 50
Sand and gravel-------------=--==« 8 58
Clay----wwcoomm o emcecece e 8 66
S8and and gravel--------------—-—--- 2 68

) Well 32/1-22H7 _
Type of record: Driller's log, ) » ‘Altitude: 740 feet,

Quaternary System: .,
Recent and Pleistocene Series: :
Clay, sandy,blue ----=---=-m=om- 41 41
Gravel, coarse-=rm~=-c=memama-orco- 8 49
Clay, blue----=---—--—=--—~-o--—- 32 81
Sand, fine-------c---cccccmuo 12 43
Clay, blue------------------—---- 12 105
Sand, fine--------rccrmrccnocooon i3 118
Sand, coarse----------------————- 10 128

Well 32/1-2213
Type of record: Driller's log. Altitude: 753 feet.

Quaternary System:
Recent and Pleistocene Series: -
Clay and sand; yellow------ e - 40 40
Sand, fine-~rmecemoceocuwaaouoa .- 14 54
Clay, blug-------=c-cooe - o 24 78
Gravel, dirty-------------------- 24 102
Clay and sand; blue----------<--- 13 115
Sand, €oarse-~--—--=~ccmcccuoomouoc 5 120

Well 32/1-2234
Type of record: Driller's log. Altitude: 747 feet.

Quaternary System:
Recent and Pleistocene Series: .
Clay, yellow--~-----ooccconarocno 35 35
Gravel, coanse---—---------———---- 23 58
Clay, blue-===r=-rocemcenaaauun 14 72
Gravel, coarse-------------———--- 8 80
Clay, yellow, and stone-===--w=-== 23 103
.Sand and clay; bluge----------~-- 5 i08
" Sand, coarse----e-ccccmccnaaanaan ) 6 1i4

-~ 31 -



Table 4.--Selected logs of wells and test holes in Marshall County, Ind.--Cont.

Well 32/1-22R2

Type of record: Driller’s log. Altitude: 755 feet.
Thick- ;
Material :zzi Depth Remarks
(feer) {feet)
Quaternary System:
Recent and Pleistocene Series:
Clay, vellow----vomomoommm oo 38 38.
Gravel, coarse, dirty------------ 11 43
Clay, blue----------ommmom e 27 76
Sand, fip@--=-=--ccwmcmmannnaaoo 11 87
Sand and gravel; dirty----------- 31 118
Gravel, medium------------------- 7 125
Well 32/1-23D1
Type of record: Driller's log. Altitude: 790 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay---rmmeommommc oo e 6 6
Gravel--------mmmm e eeee e 4 10
Clay, blug=~rrom-mom e oo 15 25
Gravel-------c-eemem e cme oo 23 48
Rocks-------------——— oo me s 7 55
Well 32/1-23D2
Type of record: Driller’'s log. Altitude: 790 feet.
Quaternary System: -
Recent and Pleistocene Series:
Clay--=~-----——-cewmmmmmm - 10 10
Gravel--------------omm oo ee 5 i5
Clay, vellow, and boulders---v-=-- 22 37
Sand, fineemememmoomommmmem e 1 38
Clay, sand, and gravel---------=-- 15 53
Sand and gravel-----=-----u---——- 15 68
Clay, vellow, and boulders~-r=-~- 20 88
Sand, fine---------------v-s-nea- 2 90
Gravel, coarse-~-=--=-=--~-------- 21 111
Well 32/1-23E1
Type of record: Driller's log. Altitude: 775 feet.
Quaternary System: _
Recent and Pleistocene Series:
Clay, vellow-=--=-=--m-ocooomomm 53 53
Sand, medium------—---—--ommeeo 2 55
Clay, yellow, and stone---------- 26 81
Sand, ccarse---------------—--- ——- 6 87

- 137 -



Table 4,--Selected logs of wells and test holes in Marshall County, Ind.--Cont.

Well 32/1-25R1

Type of record: Driller's log. Altitude: 795 feet.
. Thick- Depth
Material ness (feet) Remarks
{feet) -

Quaternary System:
Recent and Pleistocene Series:

Clay, yellow----------------o--—- 15 15
Clay, blue-ss-m--mcoommme e 10 25
Sand, muddy----=cce-memmancnoceaan 5 30
Sand and gravel becoming coarser

with depth---------~----—-————- 10 40

_ Well 32/1-31K2
Type of record: Driller's log. Altitude: 737 feet,

Quaternary System:
Recent and Pleistocene Series:
Sande-recmmc v 10 10
Sand, fine to wedium------------- 10 20
Clay, blue, and boulders--------- 1 21
. Sand, fine----ccccccmcmncncmaaaao 24 45
e Sand, coarse, and gravel--------- 18 63

Well 32/1-34B1
Type of record: Driller's log. Altitude: 742 feet,

Quaternary System:
Recent and Pleistocene Series:
Top 80ilew-mmmcmee e e S 3 3
Clay, blue, with gravel---------- 19 22
Sand grading downward to gravel-- 13 35
Gravel, rice-sized to pea-sized-- 7 42

Well 32/1-34B2
Type of record: Driller's log. Altitude: 760 feet.

Quaternary System:
Recent and Pleistocene Series:

Clay, yvellowr=re-mccmaenuw A ———— 15 15
Clay, blue, with streak of ‘gravel 6 21
Clay, blue--—---------- oo - 31 52
Sand and gravel; muddy----------- 2 54
Sand--------------mmmmm oo 21 75
Clay, blue with streak of sand

and gravel-------co--omomm—vun 50 125
Sand and gravel----------------—- 8 133
Gravel--------=cmccemmm e e e - 6 139

- 33 -



Table &.--8elected logs of wells and test holes in Marshall County, Ind.--Cont.

Well 32/1-34C4

Type of record: Driller's log. Altitude: 740 feet,
Thick-
Material ness ?;gzz) Remarks
{feet)
Quaternary System:
Recent and Pleistocene Series:
Clay, vellow----------—--——--«—-=v 3 3
Peat---mrue-mmmrcnranemra e 3 6
Sand-=------c-m e & 10
Clay, blug-==--crewemoncremecam o 8 18
Sand and gravel-------—---------—-- 15 33
Gravel, pea-sized---------------- 4 37
Well 32/1-34C5
Type of record: Driller's log. Altitude: 740 feet,
Quaternary System:
Recent and Pleistocene Series:
Sand-=------ e 10 10
Clay, hard, blue-----------nc-n—- 40 50
Gravel, coarse-=v----------o—oua- 7 57
Well 32/1-34D2
Type of record: Driller's log from memory. Altitude: 740 feet,
Quaternary System:
Recent and Pleistocene Series:
) R R T 50 50
Sand---------— oo 6 56
Clay, blue-----—----c—mmmm - 44 100
Clay with streaks of sand-------- 28 128
Sand grading downward to gravel-- 10 138
Well 32/2- 1N1
Type of record: Driller's log from memory. Altitude: 828 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay, vellow------c-mmmom v imemae 12 12
Sand and gravel----------—------- 23 .35
Clay, blue, streaked with sand--- 85 120
Sand with some gravel grading
downward into gravel---wce-ea-- 18 138
Well 32/2- 2A1
Type of record: Driller's log. Altitude: 817 feet.
Quaternary System: | !
Recent and Pleistocene Series:
Clay, yellow----------------ma_u- 14 14
Sand and gravel--==recme-roa--orn 17 31
Clay, blug----------——-—--—-cum 19 50



Table 4.--Selected logs of wells and test holes in Marshall County, Ind.--Cont.

Well 32/2- 2Al--Continued

Thick-
Material ness ?2pth) Remarks
{feet) eet
Quaternary System:
Recent and Pleistocene Series:
Sand, muddy, with streak of blue
clay 4-to 5+feet thicke-=------ 40 30
Sand, muddy-----------------=u-"-= 18 108
Sand-==-—=-——=m-—-— - emeemcn—m— - 10 118
Gravel, pinhead-sized to pea-
sized, very clean---==-=--------- 7 125

Well 32/2- 6Q1
Type of record: DPriller's log. Altitude: 808 feet.

Quaternary System:
Recent and Pleistocene Series:

Clay, yellow-----cemmmmomoomcanan 40 40
Sand and gravel with streaks of

bilue clay------~------s-eecceo~ ' 20 60
Mud, sand, and gravel---~-------- 20 80
Sand, fine, clean--=====--==v---= 40 120
Gravel, pinhead-sized to pea-

sized-----=-- R T T 5 125

Well 32/2- 7Q1
Type of record: Driller's log. Altitude: 798 feet,

Quaternary System:
Recent and Pleistocene Series:

Sand, vellow---wwmr—--—--—-ocmaoa 20 20
Clay, blue-----=ceem-ccoemmmcmmo 10 30
Sand----=-c----------- - —smanmns B 36
Gravel, pea-sized-==--------~«-«-- 2 38
Clay, blue, with streak of sand

and gravel-------=-cwmc-c-no—--- 22 60
Sand and gravel----------cce-nn-- 8 68

Well 32/2- 9BI
Type of record: Driller's log. Altitude: 776 feet.

Quaternary System:
Recent and Pleistocene Series:
Sand=r=-—---——---seceac e mm e 10 10
Sand and gravel-----------=-- -—--- 10 20
Sand with streaks cof clay-------- 10 30
Clay, blue--------=--ccuumacmn- 6 36
Sand and gravel; muddy«=-=-=c=~--- 29 65
Sand and gravel----=--=--cree---- 19 84
Gravel, pea-sized-------cc-ccc-en- 43 88
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Table 4.--Selected logs of wells and test holes in Marshall County, Ind.--Cont,

Well 32/2-10K2

Type of record: Driller's log. Altitude: 795 feet.
] Thick- Depth

Material ness Remarks
(feet) {feet)

Quaternary System:
Recent and Pleistocene Series:

Clay, yvellow-------~----—--=-=nac- 10 10
Clay, blue------"-cm-commmme - 8 18
Mud, sand, and gravel--------=-u- 30 48
Clay, blue-----~-c--mommmmmm o 6 54
Sandewe-vomm o m 16 70
Sand and gravel-s--wow—womomuunan 7 77
Gravel, pea-sized----r-r-wcceocoa- 6 83

Well 32/2-11J31
Type of record: DBriller's log. Altitude: 815 feet.
Quaternary System:
Recent and Pleistocene Series:

Clay, yellow--=-=-m-mm-memoucumnn 18 18
Clay, blue----=---mmmmmmmmmmoo o 14 39
Sand and gravel---weeceemecoeannn 7 39

Well 32/2-12M1
Type of record: Driller's log. Altitude: 815 feet.

Quaternary System:
Recent and Pleistocene Series:
Clay, yellow-----------cocoo—- 9 9
Gravel and clay; mixedew=cca-wun- 29 38
Clay, blue------------ooomm - - 20 58
Sand, yellowww-w-v-cmommmcomn—- 22 80
Gravel-------mmmm e 2 82
Hardpan---------------c—--c--vu-= 13 95
Clay and sticky sand------------- 3 98
Gravel---------mmmm e 18 116
Sand----------—-mm - 4 120
Gravel--mecmmcmccmccmececddacaaan 13 133 Clay at 133 ft.

Well 32/2-15R1
Type of record: Driller's log, Altitude: 820 feet.

Quaternary System:
Recent and Pleistocene Series:

Gravel with clay----------------« 14 14
Gravel with brown stone--~------- 9 23
Gravel with claye--c=cecourmunnan 2 25
Gravel and sand; gray------------ 5 30
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Table 4.--Selected logs of wells and test holes in Marshall Ceunty, Ind.--Cont.

Well 32/2-2272

Type of record: Driller's log. Altitude: 852 feet.
. . Thick- | pestn

Material ness (feet) Remarks
{feet) _

Quaternary System:
Recent and Pleistocene Series:

Clay, yellow--------=-cwoccmacn-- 18 18
Sand and gravel-===e-rr---------- 17 35
Claye-=-ce---mmmmmmmm e mmnwamma - 65 100
Sand---------rmumrm oo 10 110
Gravel----------memmmmem e 10 120

Well 32/2-22L1
Type of recerd: Driller's log. Altitude: 827 feet.

Quaternary System:
Recent and Pleistocene Series:
Clay, yellow------------=--=ccc== 20 20
Sand and gravel-------c---2-—-wax 20 40
Clay, blue----------—-“cmwe----—- 100 140
Gravel------=--ssmmmmr oo - 10 150

Well 32/2-24N1
Type .of record: Driller's log. Altitude: 846 feet.

Quaternary System:
Recent and Pleistocene Series:

Top scil and sand---==-=--------- 22 22
Clay and hardpan---------=---=-~- 16 38
Silt, fine-----—--s2-cc---ommm--- 3 41
Clay, blue---~=cccmomomcmc o —cven 26 . 67
Sand, fine--------“c-cemamo—oo—- 4 71
Gravel, sharp, and fine sand;

mixed--mr--mmm e - 4 75

Well 32/2-25D1
Type of record: Driller's log,. Altitude: 850 feet,

Quaternary System:
Recent and Pleistocene Series: : .
Clay, sandy, yelloww====r=m------ 12 12
Sand and gravel-----------—-«c-=~ 8 20
Sand------------------mt—mecmn-- 3 23
Clay, blue-=--mwecmemoomm e 42 65
Sand, muddy--------c--wmmeaamn-—- 5 70
Clay, blue, with streaks of sand- 35 105
Sand, muddy, very hard---------=-- i5 120
Sand, muddy, very hard, gray----- 45 165
Sand, muddy, yellow--=r------ww-- 15 180
Sand, muddy, gray-==-====-=------- : 18 198
Clay, blue---------—c-mcmmmcnnr—- 18 216
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Table 4.--Selected logs of wells and test holes in Marshall County, Ind. --Cont.

Well 32/2-27L1

Type of record: Driller's log. Altitude: 860 feet.
y - Thick- Depth
aterial ness (feet) Remarks
{feet) ee
Quaternary System:
Recent and Pleistocene Series:
Sand and gravel---------=-------~ 55 55
Sand, fine------~-------m=r-n--- 15 70
Clay, blue----«-rem-cm-mceuaa-—mn 55 125
Sand and gravel--=--~-----=<-~--- 12 137
Well 32/2-30P1
Type of record: Driller's log. Altitude: 795 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay, vellow--------==m----cuwman=- 15 15
Clay, blue---------wmrr-----mcoo- 15 30
Sand and gravelem--------=c------- 5 35
Gravel, coarse----c-crme-—-oo——oo- 7 42
Well 32/2-33M1
Type of record: Driller's leg. Altitude: 815 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay, yellow------wwrn-commweon—- 18 18
Clay, blue--w--=-==----war--omwa- 67 85
Gravel, medium----=-------==----- 6 91
Well 32/2- 1Al
Type of record: Driller's log. Alritude: 832 feet.
Quaternary System:
Recent and Pleistocene Series:
Top s0il----wwrm—mmmmmmmm e e 8 8
Clay, vellow=--=----w-rer-----==-- 16 24
Clay and sand; blue-------«----- 06 90
Hardpan---~-------—sse-----c-wom- 20 110
Sand and gravel---------===a---—--- 20 136
Well 32/3- 2Pl
Type of record: Driller's log. Altitude: 7387 feet.
Quaternary System:
Recent and Pleistocene Series:
Clay, yellow-=-wumm-mo-cwccca—u- 16 16
Clay, sand, and gravel; blue----- 3 21
Sand, fine-----c-er---c-wmomaomo- 5 26
Clay, blue, with streak of muddy
§and-e-mwmm=m---—-mecr-———neanaa 14 40
Clay, blue-------werm----o-neoo——- i0 50
Sand and gravel; muddy-----==-== 10 60
Gravel--==-c-—---—someeroccceoom— & 656




Table 4, --Selected logs of wells and test holes in Marshall County, Ind.--Cont.

[ ]
Well 32/3- 5R1

Type of record: Driller’s log. Altitude: 785 feet.
. . Thick- Depth
Material ness (feet) Remarks
{feet)

Quaternary System:
Recent and Pleistocene Series:

Top soilrevcmceccmnmmanan e 6 6
Muck------—-mmmm i e aema 4 16
Clay, sandy, red----------------- 48 58
Sand, fine, gray---==r-rr-rr=-=--- 42 100
Sand, coarser, with little gravel 5 105
Clay, hard, gray, with strips of
gravel------—-----—-—- - 33 138
Clay, hard, brown--------------«= 17 155

Well 32/3-16D1
Type of record: Driller's log, Altitude: B804 feet.

Quaternary System:
Recent and Pleistocene Series:

Clay, yellow-----------—-----uuan 25 25
Clay, blue-------------- - 34 59
Sandesrm oo e 6 65
Clay, bluew-=--mcmem e e mwvas 10 75
Sand grading downward to coarse

gravel with very little sand--- 9 - 84

Well 32/3-21H1
Type of record: Driller's log. Altitude: 812 feet.

Quaternary System:
Recent and Pleistocene Series:
Clay, yellow ————————————————————— 25 25
Sand and gravel------=n=--------- 10 35
Clay, blue-----------—--—----—~—--—- 55 90
Sand and gravelermusmcwcwoveaccna 5 95
Clay, blue-~------omcmmm oo 45 140
Gravel--—----mmmm e - 10 150

Well 32/3-22D1
Type of record: Driller's log. Altitude: 792 feet.

Quaternary System:
Recent and Pleistocene Series:
Sand-------c-ccmmcme e 12 12
Clay, blue, with gravel; hard---- 38 50
Clay, black-----=--c-+-ocon-—- 5 55
Sand and gravel------------------ 2 57
Clay, blue, with sand------------ 93 150
Clay, reddish-brown, with sand--- 28 178
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